Although D2 constitutes the level of lymph node dissection which most surgical associations endorse in their treatment guidelines for gastric cancer more extended D3 dissection has also been attempted to improve oncologic outcomes. Existing literature pertinent with the provisional therapeutic impact of D3 lymphadenectomy in advanced gastric cancer is studied in this mini review. Seven non-randomized comparisons, three randomized trials and five meta-analyses, almost exclusively of Asian origin, were identified and examined. D3 compared to D2 lymphadenectomy consistently and significantly proved to be associated with a "heavier" iatrogenic surgical trauma translated to more blood loss, prolonged operative time, higher relaparotomy rates and post-procedural surgical and non-surgical morbidity. Oddly mortality in most of these series did not reach statistical significance a fact probably attributed to Asian surgical expertise and/or methodologic drawbacks. All existing evidence and their meta-analyses, including a well-designed RCT from Japan (JCOG), failed to support a clear overall survival benefit linked to D3 dissection thus excluding the procedure from current treatment algorithms. The Italian GC research group, analyzing their database, proposed tumor histology, macroscopic type, size and location as selection criteria for D3 dissection provided surgical expertise is available. Recently, a phase II clinical trial from Japan reported a 3 -year survival rate of 59% in patients with clinically involved para-aortic nodes treated with neoadjuvant chemotherapy followed by D3 lymphadenectomy, rekindled the issue. Future multicenter randomized trials should test the extend and after effect of lymphadenectomy in gastric cancer combined with modern chemotherapeutic agents in multimodal treatments.
Frontiers in Surgery | www. frontiersin. org Douridas and Pierrakakis D3 Lymphadenectomy in Gastric Cancer respectively but does not modify disease progression or survival rates accordingly. Patients with early stages seem to benefit less from more extended lymphadenectomy, whereas patients with advanced stages also seem not to redeem any advantage given the high probability of disease's systemic spread. Maximum benefit, by means of locoregional control and/or survival, is attributed to "middle staggers" (3) . Attempts to dissect beyond the D2 standard level, aiming at additional disease control and survivorship have not been supported by hard evidence and were linked with higher morbidity. However, pertinent data from centers of expertise in gastric cancer surgery with D3 experience, report comparable to D2 morbidity and mortality rates. Some authors also attempted to specify a subgroup of patients who might benefit from D3 lymphadenectomy. Existing evidence supporting this perspective will be critically analyzed in this mini review.
BACKGRounD -noMenCLATuRe
Letter D has been utilized to describe lymphadenectomy and Arabic numbers 1,2,3 three "dissection levels" in a scalable conception. Regional nodes draining stomach are grouped in "stations" numbered from 1 to 16. Furthermore, groups are categorized in three wider compartments described with capital letter N (N1, N2, N3). Corresponding levels of lymphadenectomy delimitated by these compartments are defined as D1, D2 and D3 ectomies respectively. It has been argued that when D > N, recurrence can be decreased. A gastrectomy which is bounded by compartment N2, is defined as a D2 gastrectomy and is widely accepted as the standard procedure of therapeutic intend in gastric cancer. All other than D2 ectomies are considered as non-standard procedures. D3 is defined as D2 +stations 13-16 (peripancreatic, superior mesenteric, mesocolic and para-aortic) (4) . According to the latest TNM described in AJCC manual (8th edition), involvement of these stations are categorized as metastasis (M1) (5) .
ReAsoninG suppoRTinG D3/exTenDeD LyMphADeneCToMy
Based on a simplistic model of centrifugal, stepwise, primarily lymphogenic cancer cell spread process, surgeons claimed that including in surgical specimen the outermost technically possible remote involved nodes might intercept cancer process. In this scenario, if the outermost nodes were by coincidence the terminal involved nodes at time of surgery, their excision would imply absolute radicality and highest probability for cure. If not, extended resection would lessen cancer burden, remove microscopic deposits and hopefully delay disease progression, lower recurrence rates and prolong disease free survival. In advanced stages microscopic metastatic involvement in para-aortic nodes was reported to be 6-33% hence identifying them as a "surgical target" (6) . Additionally, the higher the number of nodes removed the more accurate the staging would be, eliminating thus "stage migration phenomenon" which hindered clear prognostication (7, 8) . Single center cohorts of D3/extended lymphadenectomies reported 5 year survival rates of 12-23% supporting further feasibility and effectiveness investigation in the context of randomized controlled trials (9, 10) .
CoMpARATive eviDenCe foR LyMphADeneCToMy BeyonD D2 LeveL
Cohorts and non-Randomized Trials
Tokunaga et al. (11) , studied retrospectively the role of D3 lymphadenectomy in a series of 173 curatively resected patients with involved para-aortic lymph nodes (PALN) and reported a remarkable 5 year survival rate of 28,6% in subjects with less than 15 +ve nodes and any macroscopic type except Bormann 4. Thus, they suggested that D3 resection might be beneficial in selected PALN positive patients with no other non-curative factors, operated by adequately trained surgeons. Maeta et. al (12) published the results of a single center, non RCT, comparing 35 "D4" patients (D3 +para aortic nodes) with 35 "D3" patients (D2 +peripancreatic, mesocolic, hepatoduodenal nodes), reporting higher morbidity, mortality, operation time and blood loss in "D4" group whereas mortality coincided. Authors speculated that a group of patients may benefit from D4 and survive longer and on this basis proposed a nationwide survey.
Another non RCT from Ankara, Turkey compared 34/134 patients who underwent D3 gastric resection with 100/134 who underwent D2 resection. The overall operative mortality rate of D2 was 1% compared with 8,8% of D3 dissections (p < 0,05). Although the re-operation percentage was twice in D3 dissected patients, (11.8 vs. 6%), this difference did not reach statistical significance. D3 gastric resection was also linked with significantly increased morbidity (35.3 vs. 10%, p < 0,05). The authors postulated that D3 lymphadenectomy might have a role in advanced stages for which addable surgical morbidity and mortality are judged to be outmatched by contingent oncologic gain for this subgroup of patients (13) .
A multicenter non RCT from Japan compared surgical results of 430 D2 gastrectomies with 150 D3 (14) . Operation times (p < 0.0001), need for blood transfusion (15.1 vs. 53.3%; p < 0.001) and pulmonary complications (p < 0.001) were significantly lower in D2 group of patients. There was no significant difference in mortality rates and in overall and disease specific survival. Authors defined a subgroup of patients with tumor diameter between 50 and 100 mm that experienced statistically significant longer survival and lower locoregional recurrence rates. Their final conclusion was that D3 lymphadenectomy could be beneficial exclusively in tumors sized 50 to 100 mm or with pN1 stage, redeeming survival advantages for pN2 subjects exclusively among patients of the former group. Nevertheless, D3 lymphadenectomy in pN0 subjects or tumors <50 mm did not improve survival. Furthermore, in patients with multiple lymph node metastasis or tumors sized >100 mm, D3 dissection proved vain regarding survival.
A single center non RCT from China compared 66 patients who underwent D3 dissection with 55 who underwent D2 (15) . By means of statistics no difference was detected among D3 and D2 groups regarding morbidity, blood loss, length of hospital stay, and mortality. Furthermore, the 3 year and 5 year overall survival rates reported in this series were not significantly different between D3 and D2 groups, being 77.5 vs 73.2% (p = 0.618), and 65.8 vs 66.1%, (p = 0.946) respectively. Thus, there was not overall survival benefit of D3 over D2 lymphadenectomy in this study. Logistic regression analysis linked PALN metastasis to metastasis of No. 8a and No. 9 lymphatic stations (p = 0.021 and p = 0.030, respectively) pointing out these nodal stations as provisional indicators for D3 dissection. Authors concluded that although D3 can be performed safely, it is not superior compared to D2 dissection regarding survival and thus should not be recommended routinely.
The Italian Research Group for Gastric Cancer (GIRCG) retrospectively reviewed its database to evaluate the impact of D3 lymphadenectomy on patterns of recurrence. Histology was identified as a significant determinant in the correlation between recurrence and extend of lymphadenectomy (p < 0.007). Higher recurrence rates were observed after D3 than after D2 dissection (45.1 vs 35.3%) in patients with intestinal type adenocarcinoma while the opposite was recorded in cases of mixed/diffuse histology (48.3 vs 61.5%). They suggested that this was due to the lymphtropism characterizing diffuse histotype. Based on the above, this Italian group suggested D3 as a useful modification of standard D2 dissection addressed to advanced tumors of diffuse histology (16) . Gastric upper third tumor location and T3-T4 depth of invasion were recognized as separate risk factors for PALN involvement and defined as selection criteria for D3 resection (17) .
Recently, in a phase II trial launched by JCOG (Japan Clinical Oncology Group), gastric cancer patients with extensive involvement of regional (N2) nodes and/or para-aortic lymph node (PALN) metastases were treated with S-1 plus cisplatin in neoadjuvant setting followed by extended D3 surgery focusing in PALN dissection. Overall survival rates completing 3 and 5 years of follow up were 59 and 53%, respectively (18) . These impressive results, support extended D3 lymphadenectomy after neoadjuvant chemotherapy as an auspicious treatment plan for patients with extensive nodal involvement in N2 tier-compartment and/or radiographically depicted PALN metastases (19) .
Randomized Controlled Trials (RCTs)
The Polish Gastric Cancer Study Group (PGCSG) launched a multicenter RCT initiated to evaluate the effects of D3 vs D2 lymph node dissection (20) . Overall survival was defined as primary end point whereas morbidity, mortality, disease free survival and quality of life as secondary ones. Morbidity was insignificant between D2 (27.7%) and D3 (21.6%) groups (p = 0.248). The same was true for postoperative mortality (4.9% for D3 vs 2.2% for D2; p = 0.376). Authors specified splenectomy, pancreatic resection, blood loss >800 ml and cardiac disease as independent risk factors augmenting morbidity. The interim safety analysis revealed an insignificant difference regarding extent of lymph node dissection. There was not a different surgical outcome between extended and standard lymphadenectomy. Unfortunately, no survival data were reported.
The Japanese Clinical Oncology Group (JCOG), randomized 523 patients with resectable gastric cancer either to D2 dissection (263 patients) or to D3 dissection (261 patients). Overall survival was defined as the primary end-point. Incidence of operationrelated complications were similar and insignificant between the two groups (20.9% for D2 and 28.1% for D3; p = 0.07). Also, thirtyday postoperative mortality of any cause did not differ significantly among the two groups (0.8% in both D3 and D2 group). The 5 year overall survival rate was similar for D2 and for D3 dissections (69.2 vs 70.3%); the hazard ratio for death was 1.03 (95% CI, 0.77 to 1.37; p = 0.85). Identically, recurrence-free survival was insignificant between the two groups; the hazard ratio for recurrence being 1.08 (95% CI, 0.83 to 1.42; p = 0.56). Based on these results authors concluded that D3 lymphadenectomy offers no additional survival advantage compared to that of standard D2 dissection in potentially curable gastric adenocarcinoma (21) .
At the same period, the East Asia Oncology Group (EAOG) conducted a multicenter RCT of D3 vs D2 gastrectomy allocating 134 patients in each group (22) . Overall survival was not significantly different between the D2 and D3 groups (p = 0.801). Blood loss and need for transfusion, morbidity and operation time were significantly different and higher in the D3 lymphadenectomy group compared to D2 group. Although statistically insignificant, postoperative mortality was higher in the D3 group than in the D2 group. Authors warned that D3 lymphadenectomy is a perilous operation to be undertaken only by trained and experienced surgeons. They also suggested D2 lymphadenectomy as the standard of care for potentially curable gastric cancer and rejected D3 dissection as risky and oncologically inefficient. Lustosa SA et al. included in their meta-analysis two RCT (24, 25) concluding that D3 compared to D2/D1 added no survival benefit, and was linked to higher morbidity and prolonged operative times. All comparisons did not reach statistical significance (26) .
Meta-Analyses
Yang et al. meta-analyzed five RCT and three non-RCT, seven from Asia and one from Poland, including 1,452 patients of advanced stages. Operative mortality was 2,3% compared to 2,2% for D3 and D2 respectively (OR 1.05, 95% CI 0.49-2.27, p = 0.90). Postoperative morbitity was 24.7% compared to 29,6% (OR 0.78 CI 0.61-1.01, p = 0.06). Operative time and length of hospital stay were insignificant between D3 and D2 groups (p = 0.02 and p = 0.27 respectively). No survival benefit in favor of D3 dissection was reported (27) .
A meta-analysis contacted by Chen XZ et al. studied three RCTs conducted by prestigious scientific groups: EASOG, JCOG, and PGCSG. Analysis failed to attribute a survival effect to D3 lymphadenectomy (RR 1.03; 95% CI, 0.93-1.14, p = 0,62). It was also indicated that D3 might not increase in-hospital or 30 day postoperative mortality rate (RR 1.03; 95% CI, 0.43-2.46; p = 0.95), but it tended toward increasing morbidity rate (RR 1.19; Frontiers in Surgery | www. frontiersin. org Douridas and Pierrakakis D3 Lymphadenectomy in Gastric Cancer 95%; CI, 0.83-1.71; p = 0.35). Relaparotomy rate and need for blood transfusion were also higher in D3 groups (28) . The most up-to-date meta-analysis of D3 versus D2 lymphadenectomy included three RCTs from Japan (12, 21, 22) . None of these three RCTs nor their meta-analysis could demonstrate a significant and robust association between overall survival and extend of lymph node dissection (HR 0.99, 95% CI 0.81-1.21). The one and only RCT which reported disease free survival (DFS) (21) failed to show any significant interaction between extend of lymphadenectomy and DFS (HR 1.08, 95% CI 0.83-1.42). Metaanalysis of these three trials also reported an insignificant difference regarding post-operative mortality between D3 and D2 groups (RR 1.67, 95% CI 0.41-6.73) (29) .
DisCussion
The concept of extended lymphadenectomy in oncologic surgery developed during a period where other treatment modalities, -such as chemotherapy and radiotherapy-, were undeveloped or associated with excessive toxicity. Surgery carried the one and only chance for cure and palliation.
D3 lymphadenectomy consists a more radical operation expanding three-dimensional surgical resection margins, to augment the intrinsic therapeutic potential of surgical treatment. D3, by definition, aims to resect apart from tier 2 nodes those also contained in tier 3 (distant nodes = M1). Paraaortic lymph nodes are sites of metastatic spread in up to 20% of subjects with advanced resectable cancer (30) either as micro or as macro metastasis. Micrometastatic form might be considered as borderline resectable disease and a rather realistic surgical challenge whereas macrometastasis a chemotherapy target with the hope of response and conversion to resectability state (Figure 1) .
D3 dissection is indisputably a more technically demanding and complicated procedure compared to D1 or D2 as it requires dissection around large vessels located in deep retroperitoneal space. The more extended the dissection the more severe surgical injury and stress. Widespread use of modern hemostatic devices decreased operating time, surgical mortality, and procedural related morbidity. Available data suggest that D3 can be performed as safe as D2 procedures in the environment of high volume specialized centers by adequately trained surgeons even in western hemisphere (31) .
The thorough literature search (Table 1) , could not support superiority of D3 versus D2 lymphadenectomy concerning overall survival. However, the following limitations should be considered. No data on other survival endpoints (i.e., DSS or DFS) were available except in three papers (14, 21, 29) . Moderate quality of evidence probably hindered a possible difference in postoperative mortality between D3 and D2. The methodological quality of pertinent studies was only moderate to poor (27) . Other additional to surgery treatment modalities, such as chemo or radiotherapy, were scarcely reported in most of the studies (18, 21) . Matching of groups with respect to clinical features, medical risk factors and tumor stage often was not well balanced (11, 13, 20, 22) . In some RCTs reliable conclusions could not be reached due to small sample sizes (12, 13, 15) . There was a heterogeneity regarding definitions of D2, D3 while other authors used terms such as D4 or D2 +PALN, thus producing a turmoil in comparisons. This may be attributed to term modifications through time while Japanese guidelines developed. Patient fitness for surgery and obesity two parameters which differentiate western from eastern patients may prevent even the most experienced surgeon to perform optimal by the book lymphadenectomy. Until today studies comparing D3 and D2 lymphadenectomy have been launched mainly in Asian subjects thus extrapolation of the results in Caucasians could be misleading.
Attempts to define separate prognostic factors to select patients who might benefit from D3 lymphadenectomy failed to establish a solid indication and modify treatment algorithm. Proximal tumor location, tumor diameter 50-100 mm, macroscopic type Bormann 4, T3-4 depth of invasion, pN1 disease, diffuse histology and involvement of nodes 8 α and 9 were all suggested as selective indicators for D3 lymphadenectomy (17) . The most well conducted high quality RCT which addressed the question of provisional survival benefit of D3 vs D2 lymphadenectomy (JCOG-9501) failed to establish robust selecting criteria to define a subgroup for D3 (21) . Following this, D3 is no longer defined in the latest Japanese-guidelines. Western surgical communities were eager to follow this recommendation and were rather relieved from the idea of a complex operative technique which had never implemented in their practice. The Italian Gastric Cancer Oncology Group published their D3 experience which coincided with this from Japan (32, 33) .
Notwithstanding D3 was due to fail in obscurity, it was recently brought out to spotlight again after encouraging survival rates observed in patients with clinically involved para-aortic nodes treated with neoadjuvant chemotherapy prior to resection. The JCOG conducted a phase II trial utilizing neoadjuvant chemotherapy followed by D3 dissection selecting patients with radiologically positive para-aortic nodes. The concept was successful: two cycles of S-1/cisplatin before surgery translated to a 5 year survival rate of 57% (19) . This algorithm consists the tentative approach, included in the 4th version of the Japanese fiGuRe 1 | Micro-metastatic involvement of para-aortic nodes is considered borderline resectable disease, (gray ellipse), and could either be eliminated by surgery (D3 dissection) or sterilized with neoadjuvant chemotherapy and then resected by surgery. Macrometastatic involvement of distant nodes (stations 13-16) is classified as M overriding surgery's endogenous therapeutic potential. Gastric Cancer Treatment Guidelines in the section of clinical questions, and its perspective is to intensify neoadjuvant arm either by newer agents or by prolonging chemotherapy plan (34) . Further trials should be launched to test whether a more extended lymphadenectomy can be synergistically combined with adjuvant/neoadjuvant treatments to mutually enhance their therapeutic potential and thus extend survival. Modern chemotherapeutic agents might make extensive lymphadenectomy futile or vice versa (35) .
Available evidence cannot support D3 lymphadenectomy as advantageous practice for the surgical treatment of resectable advanced gastric cancer. D2 lymphadenectomy is for the time being the recommended extend of nodal excision in gastric cancer surgery. Non-anatomic lymphadenectomy yields an unpredictable and often imperfect number of nodes and is unacceptable in the context of oncologic surgery. Comprehension and consolidation of D2 concept lymphadenectomy in western surgical training consists a high priority. Future trials should test after effect of lymphadenectomy in conjunction with novel chemotherapies.
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